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S;TION I

During fLgI~t under adveree weater conditions whlich my 02relj
Uimit visibility,, air=-aft pilot must of ten roll either partly or
entirey qpon coiicution and navigation. eqai.jmet for safe gcid-
anca. DufortunatelyT at the present time such equilueut (e. g. , the
radio and radio compass) is suscvtbl to static interference and
sa be rendered useless when needed most. Under such =ondtiofla
a serious sifety problem in created and crashe of aircraf t have
been attributed to tbis cause.

lior directedtomd a better mgof the causes of
Such ~jupc:L I- i F is and. Its cont"IL has been reported ex

tendv*7 elser and vMJ wzt be di scassed In detail here.
General belif at present Is that the static Is aciated vith a
gradual budJA-vp of electric chmare on various parts of the aircraft
dariz li4ght, and if it, Is 2wt actuaLly do, to the prme~e of the
charges then to the effectsu 2%smlItz Irm It or the 1nd~ of
Its ftrimumon

2=32Iy in the st~att of prectlpitation static it,= us Iwugt that
the i4~ction of acc=Wated static cag nan aircraft voul d 21
molt in a reduction of i":~ n affected equ:4mmt. Static
di selpatorsuchd an wic di~harsers wer therefore v ined and

acenw vily usf to a cons! dah1* extent they probably do ro-
ducs charge levels on parts of the aircraft vwhich a" trcal

aodct Miarges faran an "gwNIA"H=xra=4s such as the
winshildsand ca~ eor most sodan WdI~tar afrcraft, noamz t

be rinye by such aaw, bomwer, sizv. they ame b1 by the di-
olectrc to the raigns where they a"e Zmde

Mdu situation ledth 2-agiect to ihgson aidzields and
caa~ =8 us ý nommac tuated when the antenas of hibig-zeed

jet zhrorat m"placed 17,de the cockjit endlosureas for design
IpIs*, trbymb placin th min dcos proxizit7 to the areas of
gretet hage. As a possibl =OlUton to this particularb part

of the 1pre itatinn wtwW problInt usx thavght that, by coats-
Ing dislactric areas I4h codctn IterI, the cArMge could
be drdmdaa -y froc ncr ticia area. and then dissipated in
-ae air .FV In I-the "Usia =Bn.
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The properties which auch a conducting material would need to be
effective wer considered in detail. Optimum resistance of the materm
lal was est~blishad as being 1-10 magohms per square. The lower limit
was required to prevent significant attenuation of incoming radio
signals 6 ; the upper limit was required to insure sufficient conductivity
to accommdate the expected charging currents. Other requirimnrta wer
more obvious: high light transmittance (80% or better),, 2wo optical
haze. (1% or less), insolubility in water, lack of sensitivity to changes.
in atmspheric temperature, pressure, or humidityl, and sufficient dure-
bility to withstand prolonged ezposur to high-seped air stream.

Meabove combination of properties was tot found to wdst In wW
available material, and In December 1949 the CoIcation and havi-
gatian Iabortory, WVflv requested the Materials laboratory to iitiate
a program for the developmenit of a suitable material. This resulted In
the fozution of a research progra directed towanrd the develIopmet of
bransporent, electrically conductimg coatinigs, for the reduction of prec16-
pitation saltic,, project "Statkote.,

Project ftatkote continued from December 19-49 to JuJy 1951. Dn'--
Ing this time several privaet remerch or701nizatin anuistAd in the
work on the problem ue Air Force contracta, and cooperation was ob-
tamned froum inixy other OrOMIzatiens antheor programmed. This umk
As sumaized on the following pages and cmrssthe picplpr

of this report.

INmwabil the Communicatinn and Navigatio, laboratory continuedI
work touard a better of the censuts of peiiei
static and the relative co n t Ihtirdon that caeson yvrinus aectimni
of aircraft imks to generl static Intre c This work Inwolved

aconsiderable amoimt of instrumentation and flight testing, but evext-
um.fl7 It was possibl. to mk prelimnamry flight test. or no of the

Tnitial tests of coating uateriais were inocul sv; equipint
protected by such coatings did not seem to beIs~tiU=Ixrly20 VIM&_-.
nerables to precipitation static --Int-rfl, --nce than equipmnt that mans
not. Nurther instr iI itation wars cairrid out by the Cmication an
Navigation laboratory and moeelaborate tests issulted. In the finding
that such coating materials do y 1duceit it total isuPnt of nose etcoutaz-.
ed In susceptible equipmnts but only under-conditions of m m
ciritation saltic wather. It wes coccIned P. P fligh tests that the
dgree of noise reduction that coul be obtained from the use of coaftqpg

ama not sufficient to provide a worthwhile operational Improvements and
that such Improve~met was mot sufficient to justify the expause and
difficulties of developing an appI7.r coatings..

WAMC 7R5"-522



As a result of this concluiion, work under project Statkote was
abandoned and attention was shifted to the subsidiary problems of
developing antistatic coatings for acrylic radar plotting boardso and
indicating instrument meter windows.

This report smuarizss the major materials developmtent work of
this program and is the final close-out report, on project Statkwete

MMUREI WCRK

7his section is devoted to a szoay of vmk d~rtaku to
develop a material suitable for uwos as an anti-precipitation static
coating T--Sch morkI can con. uicrtay be gron~ed for the purpose of
discussion into tbren general categoriess (1) wr ftreatly =upwoted
by WADC research contract%, (2) -, n a upported by other militazy
services or conduabeh by private mgot' zations withiout F bF autnal

support., and (3) work conducted by WADC-

A. WADC Contract WorkV
WokproceedbW t~ the a OPIGl1% of a GOKtUg for ao~rylU

plastic having the properties outlined previoual was carried ont maw
Contract Al' 33(038)-12240 by the Bole Reseach Taoa.res i

Noo Jore"~y unde Cozz~t A? 33(038)-23319 by the Bjerkstmon Roessmk

-77 7 ~1. Contract A? 3-'kQ)7-IM22!;

The first contract for ---- c and devuopot wok im i
field, sponsored Jointly by the Wte~aaz ~.I: "m=7ad nti
and Navigation laborato~r, was negotiated uimixi Dabs lesuereb Zwr
tories in Apdl1 95D and conUmfiunti=M Ocober 1931 MzoIM Ibis time
the suparate af oaches to th- probIm mom vw7. Thes

s~ea~ctr coatizgs, uyupsated =wd=M and pAol~fteUkS2t

The tirst. six umenth of the prowo max cantered abouit u
coatiqM and cona]sted of attoots to 3.8 604026 frrI SIMIMUM. C&Inti9
of the wrides of Sz, T~v an SL. orlu fforts M's Raf 1
adequatAL~y cleam and wet the plastic uubstrates prior Uo COati tban,
and thn fforts mom succes"fl DUnig sandard saslitis-46CM2tloohe-
niques, very bard, ailiwmt, ca and hiLxly onk~zw Max of h

wAx m 54- 3



various oxides of Sn and Ti (particularly the latter) were then laid
down upon plastic substrates. These films, however, were non-conduct-
ing. Attempts were made to render then conducting by the addition of
controlled amounts of impurities, but the desired conductivity-could
not be obtained. Varied mixtures of the Sn and Si oxides were like-
wise found to be nonconducting. One of the major problems in produc-
ing the oxide coatings was that of curing them: the films would not
cure below 50OO-60Ooc, temperatures much too high to be tolerated by
existing plastics. An attempt was made to separate the problems in-
volving film composition from those of film cure by initiating a
program of vacuum evaporation. By this method films could be laid
down in a relatively simple manner. The vacuim evaporation program
initiated in this fashion soon rsplaced the work on solution coating,
which had largely been amsuccessful.

Most of the subsequent nine months t work involved an investigation
of the properties of evaporated filas of Ag, Cr, Fe, Ge, ns, Ni, Pt, Rh,
Se, and Ti. Several phosphors were also evaporated. None of the coast-
ings thus foraed were conpletely satisfactory. In most cases the fils
were either fragile, non-adherent, or unstable with time. In no case could
a material be prepared with a resistance between one and ten megobas per
square and a transmittance of eighty percent or better. Precoating of
the plastic by the solution methods previo-uly developed, fallowed by
evaporation of the metal, was often helpful in increasing adherence and
sometimes conductivity but was not sufficient to permit attaimnt of the
desired properties. The phosphors investigated during this phase of the
program were for the most part non-conducting and n e r

Much of the remaining thre mont~hs of the contract period was deo
voted to studies involving modificatioan of the plastic surface by vam-ious
chmcal means to produce transparent, conducting pd2yelectrolyte fil ,
the adhesion of which was poor. It was soon evident that film such as
these'depend primarily mon their oinstu content for their conductivitly
and are thus obviously unsuited to high altitude applications zw
eratures may reach -65c'Y. The moisture in the fim freees long be.
fore this point is reached-~ad the film lose their cond• tivit7y.

2. Contract IF 33 (038)-23319

The second contract for research and- devel-opment in conduct-
ing coatings was negotiated with the Bjorksten Research Laboratories in
June 1IM and continugd until January 1953. During this time a graphite
coating was develope •which, in conjunction with an overcoatin, frl--
filled mam of the established requirementU. Work involving coatings of
metals, metallic salts, resins, and fiber mats, however, was in each
case either 54-4 ce52 ful or inate 9 .



Initially, graphite coatings were applied to acrylic plastic sur-
faces by rubbing micronized graphite onto the surfaces with a soft cLoth.
Application of the graphite in this manner required the use of considerable
manual pressure and usually resulted in a coating having too low a resist-
ance and too low a transmittance. Further light buffing with a clean cloth
was necessary to increase the resistance and transmittance to the values
desired. These original graphite coatings consisted of a greyish-appear-
ing film containing a few minute graphite-filled scratches. Examination
of the films under a low-power microscope indicated that few of the
scratches intersected one another, so it was at first thought that the
conductivity was due to the greyish film rather than the scratches. Sub-
sequent examination of the coatings under much higher magnification resulted
in the finding that the greyish film itself was largely composed of micro-
swatches. It was thus evident that in rubbing the graphite onto the
surface, the rubbing cloth simultaneously scratched the plastic and packed
the graphite into the scratches, forming an interconnecting conductin
network over the surface. The harder or more extended the buffing, the

lover the resistance and transmittance would be, due to the formation of
additional scratches. Light buffing with a clean cloth simply reved
graphite from the scratches and resulted in higher resistance and trans-
mittance.

Attempts were made to introduce unifor-mity into the production ofcoatings by htrolli and standardizing the scratching of the plastic

surfaces. Initial attempts to control the number and size of scratches in
the plastic m made by abrading the surface with a mixture of corn starch
and fine silicon carbide. The graphite was then rubbed into the scratchesand buffed to the desired transmittance and resistance, as before, except

that the process row involved considerably less effort. The fact that con-
dutivity was due to the graphite-filled scratches was at this time definite-
ly es ed by abrading several test panels unidirectionally. In these
cases the resulting coatings would conduct only in the direction of the
scratches.

Further attampts were made to obtain consistently uniform coatings by
a prescratching method utilizing various mechanical devices for the scratch-ing. The best method devised involved the use of suall brass bristle brushes
having bristles 0.004 in. in diameter and one-half inch long. By making
two sets of scratr-bes: in the surface, perpendicular to one another, con-

ductivity in two directions was obtained. Controlling scratches in this
manner improved the transmittance appreciably and permitted a much simpler
application of the graphite. None of these i oveents in the graphite
application process, of course, improved the adherence of the graphite to
the plastic, which was very poor. Some method of protecting the graphite
fil- from abrasion was obviously necessary.

I5-
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CONFIDENTIAL Security Information

Table B

-* Persistency of GB on Several 9urfaces

Surface Temperature Persistency* at indicated
cotamnatio densty

___ ___ _2.0_ ____ ___ ____ ___ a. 0 2.z o

C.5 hr. hr.

Sand 0 6.5 -
25 4 12
37 4 13

Sandy Loam 25 4 22
37 2.5 22

Loam (high humus) 225 4.1 12
37 2.6 24

Concrete 0 6.5 -
25 2 2
37 2 3

Asphalt 25 4 2
__ __ _ __ __ _37 2- 1.9

Note 1 - Total recovery was about 25% from clcnrete. From other surf~aces,
total recovery varied from 50% to 80%.

Note 2 - Time required to collect 90% of total recovery was about 1 ±0*0.5
hr. in all cases.

*Persistency Time - Number of hours required to collect 99% of total
amount recovered.

Table C

Persistency of GF on Sandy Loam

Surface Temperature Pritnyatindicated
contamination density

___________ _________.3 _ 2.0 oz./OQloyd, 8.0 oz~jsQ.yd.
Coohr. hr.

SnyLoam 25 47 52

37 42 24

Detailed result. are reported in~ T"hbJLes 1through 5 and Figures 1 through
221 of Appendix A,

CONFIDENTIAL Security Information
6
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The method used in applying the graphite coating to pl"Utc sub-
strates is knownn carcia2Jly as the Markldd process anid consists of
subjeacting the plastic substrate to a multitude of repeated contacts
with relatively w-f1 particles which have been previcms2ly coated with
a transferable comkductor. Prior to the contract the process had beem
develop~ed to the point where relativej small ashets of plastic, of
the or der of four. square Inmches, could be coated. Early work uner
the contract wras concentrated an increasing the size of the samle to

the point where the netbod could be applied to the coating of aircraft

area. could be coated with prowising results. Most of this work us
involved in eJlminatin~g nommfowzity of the coating due to the Narkiad-
Lug process; certain areas of thes large paneis often received an emeua-
Iye - - , 1 of grbitet mbiJe others did not receive ezxougl, or the graphite
would be deposited in sucb a wW as to produce a coating having profTd
conut=t in certain dir-cti=s. Variations of the Parameters involved,
in the Yhrklading process zrved these diffculties to an an=P 1 hlabl
extent. Work then began an the coating of curve panels m;T.1 ni-teb'
tbee squawe feet in ara end hawing a rzftus of cuvatue of 3A In. Thi
work Progressed until :it wa considered that no additions). Infoi-mW n of
Taluse in the coating of f U2-sime ahfraft cazmpies could be obtaind.-

The ailmnence of graphite mppll d to plastic by the Markiad pracssm
=s mo better than that Imnurad pzreemnsy for gmbite in wo* dzs

by the Bjorkmtun -abOraO&ies ]bkjo importane uas themefrwe placd W
the &Wvlomt of an r"I IatI mg to increse the a~erine of the gnpidte

and anvecoating to protict. It from abmgsio. It, us fo, j ht nal~
the -ae 3mteIA' for I cth auxiliary coatiugm ramiltad in enmive

cemomite coating laying less base and bi ugbt I ,mmtt==@ fe
that obtaine by msin a diffazent uatarial for each coat~mg.m Mmu mwtri.).

the lba3,d process mr did an mmda at edg 43~ develied byth
Loc:3&ed Airewaft, CorporaIo (m 1.2) o at Other intornals
wer I'nyestizated. A mautri.) ositr of Md% md aMm A5 7laid 3-7,

BZtoleame and 15% teytalim us fzcnd to be most matir~otem at first.
Lzter wor sedim that a Vur7 14~ Iatax of po)Idzbl &cestate uupemdd
in mater idniidas 7,m Baed= A& JA) by the ==iacturr, -t~ MIl and
Mmadca1 CamazW) uas far zxmwl to mW othe mmlerW. The resistance
to atrsiuon us pood and an wvrmlaustng =M 'Us th tbt' of pra-
viand initiao atveme ac ýM dwdaAm thIb ae rusixt-
ane of the comiutimg =W~rg. Mi 4I cffint! s ermucmd wi-th
tb.s =Wmial 1W Im itis mianti-it to inte the tm~y of AU
part, cles to fmu spate ar s5ral Mhe Done~ mo -



The advantages and disadvantages of flow-coating as compared to
spray-coating were investigated. Some of the disadvantages of the
latter tethod were already known from previous work done by the BJork-
sten Laboratories (see Section III). The AA 40 material could not be
Bprayed satisfactorily but was found to flow well except for occasional
£2eaking. Filtering the solution and then coating panels in a dust-
free box was found to r=move much but •nt all of the dust and yall
particles responsible for much of the streaking

Work on the design of an apparatus to be used for the coating of
full-sized F-56 aircraft canopies was progressing at te time that
er results obtained by the Communication and Navigationlaboratory demonstrated that conducting coatings are of quest•oa~
value in reducin precipitation static (mee Section III). Connequently
this work -was terminated and efforts were directed instead toward Jecon problem of oba coatings having antitatic ope rtile

suitable for use an radar plottig boards and indicat isroiet
meter windows.

B. Non-VAfC Contract Work

Work proceeding toward the development of a coating for ac-72i
plastic having the properties outlined previously was als carried out
by various org- izations without direct swport throngh W= cotract..
This inl d extAnsive, research work by (a) the Iym Research laboratory,
Cheveray, itryland (b) the Lockheid Aircraft Cozporatiorbank,
Cal~frrnia, and (c) sipport work by several glass and optical cma~izigs,

1. 7n= Research Laboratory

In August 1952 the Umited States Navy negotiated a contract
(HB=am of Aeronautics 50as 53-21D-c) with the lyon Research Lboratory
for uwork txward a solution of the precipitation static problm M2 Te
primary objective of this contract was *the developet of a conctirg
I , amopret coatingi for appIcatimon to aircr-Aft canopies made of aczy2±c

pluastc r. .. .so as to prevent the ancc=Oatd an of static cbar~as on the
plastic surfaces; which, In disHargindg, interfere -with bi* froqueuy
m .equid e . 7he npproach taken here was to find a uuidablb

Pardiig Or 'transfer' Agent. This partig agent, when appied to lm
prior to foradng a condncting tin oxide coating, womld permit t e ir
of the conducting coat3ig to plastic. TMe oxide-coated glase -ma thmn
use-d as one side of a casting cell and methyl usthrlate -n-- ma
polmrImed in contact with the oxide.

Initial work mnder the contract was directed towd fndig a asitabe

7
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parting agent. Some materials, such as graphite ana soot, were found
to be satisfactory parting agents but their use resulted in rough tin
oxide films having high haze values. Others, such as antimony tri-
oxide and the orthosilicates of zinc and cadmium, became milky at high
temperatures or had other undesirable effects when deposited on glass.
Thick films of evaporated sodium chloride also became milky at high
temperatures, but it was found that thin fils f anproximately 25DO R
thickness did not, and the latter films were highly satisfactory parting
agents. Not only did they allow the tin oxide films to transfer to the
plastic while retaining most of the latter's desired characteristics,
but they had no adverse effect upon subsequent polymerization of the
plastic and could afterwards be easily removed by washing with water.

Having successfully obtained conducting tin oxide film on plastic,
attention was directed towards forming the plastic into shapes compar-
able with those found in aircraft canopies. This process invariably
ruptmred the films and thereby produced haze, mialdness, and loss of con-
ductivity because of a multitude of wall cracks in the coatings. It
was found that overcoating tho conducting film with a thin film of methyl
methacrylate reduced the fording difficulties and also increased the
resistance of the coating to weathering.

Two methods of overcoating the conducting tin oxide film were then
investigated. The first approach consisted of casting a thin layer of
partially polymerized methacrylate in contact utth the conducting coat-
ing. This method failed because the thin conducting film was penetrated
by the volatile coponents of the monom•er-polymer mixture causing the
solid plastdc beneath the conducting film to soften or partially dis-
solve. Ina-ch as the polymerization could not be speeded up to the
point where the solvent action could be halted before rapture of the
conducting fil- occurred, this appr ach was abandoned. The second ap-
proach consisted of applying an overcoating layer of Roba and Haas
Acryloid B-7 (the s=e material investigated by the Markite Company)
by a apin-coatirg technique allowing for rnpid evporation of the sol-
vent, dif+1 nDethane, before break-up of the film was reached. ZVpOra--
"tion of the solvent took place so rapidly that it was necessary to add
a thinner, xylene, to produce uniform overcoatings. Subsequent work
s•owed that the relative concentrations of dichloroethane and xylene
were unmiort and that xylene alone could be used satisfactorily.
The most sati factory formulation found was that obtained by mixing equal
wMgh ts of the Acryloid B-7 and pure zylene.

The resistance of tin oxide film formed on plastic by tis trans-
fer method was at first thought to be in the range of 10-2D0 kiJhms per
squre, coniderabO ly below the target range of 1-3D negohn per square.

WADC TR5 -452
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When some of these films had cooled, however, it was found that their re-
sistance became very much greater. An investigation of this apparent change
resulted in the finding that the glass upon which the tin oxide coatings
originally were formed was itself conducting at 459Q-500C, sometimes being
as low as a few hundred kilohms per square, and therefore was interfering
with measureonts Of the resistance of the coatings.

7e above work covered most of the contract period and the main problem
which renained was the inability to form the coated plastic. Therefore, one
sum method of overcoating the plastic, in addition to the two already describ-
ed, was attempted. This involved painting or spraying the overcoating material
on the conducting film, foilloed by heating of the plastic to its softening
point, about 3750F. The overcoated plastic was then pressed at high pressure
between glass plates to snke an optically szooth surface. This method could notbe Investigated fully due to Insufficient time and lack of proper facilities.

2. Icckhsed Ai~rcaft C2rnawainn

A •r•ogr of work, in sms respects eiallar to that of the Bjorksten
Sesarch Isboratories, was unertaken by the Lockheed Aircraft Corporation in
an attrpt to find a suitable coatingI 3. Instead of attempting to find a coat-
ing batt ould endeur for polonged periods of tL1, the lockbeed progu was
ddrected towards finding a coating vwich might If necessary sacrifice diurasbi•ity
for ease of application. In this esapect it wa thought that the coating could
be considered useful even if it would last for a sine flight of a few bous,
Tavoided that it could be szzpay and quickly reapplied. It was thus believed
that thm coating would be suitable for affording tAntorary relief from precipd-
Uatioa static difficulties whil atteapta to provide a mora ftatozy solution

7 Ioced approach also concentrated upon graphite as the conducting
material, btt eubois was placed upon the use of an undercoati•g to Increase
the adhesion of the graphite to the plastic. The result of tbis work was the
dzysloast of the Lockheed A•.-- csting, which consist of a mlstic prizr
iaterial covered with a laye of graphite. n applying the coating to a plastic
aircraft camoj the canoiT is first clearned as In nort-ml maintenance and is
then cleaned with a msatrial called A!C clenr This material provides a
-41d buffig action and results in a uniformly smooth, clean =urace. b
plastic is sprayed with ATC- Primer from an aerxol bomb, using a very light,
im spray. be inser than mothed out by buffing with a soft flaninl
cloth and paphits is rubbed on the prir using a grahite-impregoated velvet
mit.

Ibscoati•g was flight tested by Imckbeed and did not appear to be affeci-
ad IV flight through dry air sm touhncwoa ing is se. Subsequent
testing tr the Materials laboratory (aem Section II.Cil) verWf~ed this result.
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3. Glass and 2~a c

Thus far only the attempts to prevent the build-up of charge on
plastic aircraft surfaces have been reviewed, Thorn was no reason, however,
to assume that static charges formed on other non-conducting surfacesi did
not contribute to interference in ccim~unication and navigation equipmient. In
partIcular, the effect of static charges on glass windshields and side panels
vasim ukown. Although such components are in general further removed pbysica3J7
from antennas than are canopies, they comprIsae the primry frontal area to the
vindstream and could thus be expected to accumul~ate considerable amounts of
charge.

In order to deternine the contribution of such areas to overall saltic
interferencel, it was necessary to obtain these parts coated with transparent
electrically conducting coatings. Iew resistance coatings for glass had been
aval~able for a number of years, largely for heating purposes., and thus the
possibility of obtaining high resistance coating. on glass appeared promising.
Several commrcial companies were therefore approached for assistance in this
phase of the progrsa

-h Libboy-(Zis-1ozd Glass Company was the first of these to actively
cooperate in the work. At the request of the Air Force, the Xlectzrapane
Division or this company located at Toledo, Ohio,, coated a set of glass center
panels and two glass side manels for an 7--86 aircraft with theEecrue
conducting coating. In addition to these parts, they also furnished for em-.
perlmomta1 purmoses several sin-tinch square glass sheet samples coated with
Electranane of both high and low resistances.

TeLiberty Mirror Division of this ecannamy located in Brsackmaridge,
Pennsylvania, also cooperated in the program, supulying two gets of F-4* air-.
craft glaze center panels which bad bemen coated with the BI-EZ elactricafly
conducting coating, applied by vsruu evapaation. In addition 'to these parts
several samples of glaas shoet hearing coatings of 82-3,, 60O1-Zj, and 73 electrio--
allyb conducting coatings were supplied for test purposaes. Attampta to coat
side panels for F-436 aircraft, which eccqponents are of lamiated constructica,
wmre not undertaken becuse of the possibi.it~y of cracking m~sr bigh vaema
processing conditions.

J 7h Pittaburh Plate Glau Ccmpamy, Pittabsurgh Pennslvania, also coope-.
ated in this 1zpnram furnishing tbmw glass center panes for 7-a6 aIrcraft
and oam set of aide =m3el, all of which mw oamtad with the ]be& electrically
MOdUIctUg coating. OtMbI a-oae glass sxampes six .4 hs apare, twaew

inhssquare, and one t7 two fee-t in sine, respectively, wwor furnished for

~prinental purposes at various stages of the ~zpmga, the smaples beinga
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The American Optical Company, Southbridge, Massachusetts, cooperated in
coating an F-94 -lastic nose section and a glass F-86 aircraft windshield center
panel. The nose section coating did not have a resistance within the 1--0
megohms per square range, however, but was of the order of one or two million
megohms ner square, giving it antistatic properties rather than electrical
conductivity.

A3-1 of the coated comnonents described above were delivered to the
Materials Laboratory for measurement of optical and electrical properies.,
following which most of them were forwarded to the Co--mication and Yavigation
laboratory. Many were valuable in obtaining experimental flight test results
(see Section II.C.2).

C. •WDC ak

Work at WADC directed toward a solution of the precipitation static prob-
lem utilizing conducting coatings has teen carried out Jointly by the Materials
laboratary and the Communication and z~avigatio Laboratory. This section provides
a brief summary of the principal phases of this work.

1. '•aterials laborxtory

The Materials laboratory began active mrticipatioa in work an this

problm in December 2949 at the request of thi Cm cation and wavigation
laboratory. Initial work was concentrated upon a detailed examintion and
evaluation of a large number of materials, includi pwers, spay, liqnid

and paste waxes, asnd surface mmdi-conductingsolds, to determe if
any of these materials were either satisfactm-y for use or could be modified
to such an extent as to make them useful. None of these materials, bowever,
was foun-] to be of any nromise.

Following this survey of available materials, equipment was set up to
begin experimntal work toward the development of a material with the desired
properties. Facilities for flams-spraying metallic powders and for vach
evaporation of metallic and dielectric material were obtained. Most of the
common and precions metals were evaporated upon plastic to form thin fims vich
were evaluated with respect to the requfrements previously establLInd. Fluo-
rescent powders of various typnes were also evaporated, as well as mixtures of
such povders and =owders having controlled amounts of impurity addition agens.
Other films were formed by anodic oxidatio= of mtallc evaporated films or by
deposition from solution. None of these films for d as described abow bw-
ever, it the requirimnts.

it soon becam apuarent that the development of a suitable material WKS
too complex to proceed without assistance, so par of the work vas ntoisted
to private research organizatitm- as smmrized previous7y. M Naterilas
Laboratory, in addition to proceeding with its mn research, then acted as the
monitoring agency for tlm other efforts and ser as a center for the coard-
inaton, of efforts of other interested orguniatims. 7be latter Vork involved
btaining the interest and cooperatian of various c-ercial couganies an

prevjous.y described, coordinating activities within WA= and maintaining lialson
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with other Government agencies, and continued testing and evaluatio& of
materials which showed some promise of offering a solution.

The materials most thoroughly tested were the Bjwrksten coating and the
lockheed ATG-l coating. Results of tests performed by the Bjorksten labor-
atories8 ' 9 were in general substantiated by Haterials Laboratory tests and
will not be reported here. Results of comprehensive testa of the Lockheed
ATC-l coeting unre reported in WADC Technical Report 5r-3921 4. Briefly, the
results of these tests demonstrated that this coating although quite senitiv
to pbysical abrasion, was extraeily durable under actual conditions of flight,
both in wet and dry westher. A long series of flight evalution tests cc.-
ducted by the Materials Iaboratory with the assistance of the Flight Thut Div-
ision, WADC, demonstrated this durability. Flight tests of the Bjorkaten
coating and coated aircraft components supplied by the ccasrcial glas com-
panies were also conducted, in this case with the Ci--Miation and Navigatiom
Iaborat•,y aasuwing pri=7 responsibility. These tests are discussed In tUe
following section.

In addition to this test and developet work, attention aa turnd to
the funmental nature of such coating materials in an effort to exta.blzh
better methods for producing tl. Tha st=is wave largely carried out
by examinling the microstrutre of coatings using the tecbniquss of electron
microscaf and electron diffraction. Me first detailed a 3S of this
series demonstrated that tb c tivity of the graphite as used in the
Bjorkstan and lockeed coatings was to a large extent dn to referred arla&-
tation resulting from uniform rubbing of the graphite in tfo-z.g a thim fila.
This probably is also true to a large extent with regard to the Nihkdt coatimg.
This study also pointed out the correlation between ,icrostro and buam
of coa-etal coatings of tin oxide on glass. Sa such a•tigs wer's full of

zelatiiely S~z ee, which c=used high degrees of optica1 hame. Ala.,
inforution uas o ed concerning the path folloued t7 the curent va such
fiaes wee caused to tm- z-Iow 'pcan er electrical overload,

Investigation of the micros.trcte Of 91%-- -fd variozU tyPes Of aMcrylic
plastic"6 with attention being devoa to s ich nigbt aid
In the foz.tion of conducting ccatings. It vas foun jAZo-. Lotrwr to
popular belief, acrylic plastics such as ztbyl intbecrylzt ca 'ýf -made Into
bigb37 crysta'lline tbin files by proper treausxtv and that sach mua
cysballInit~y w7 or W not chengs with the aging of tUs filam,

2. C miaonand Awq~lnlbwo-

Priz=y espnsidb~It for tUs overall prea-iitatIon static problmo
bas reste with the Cinarcatiou and Ilvigat2.on Iambaorstar. This Uamatiwy
in 1949 hasiaed the fact that Air Force al nuft ampUying the pilot's
canoV as a housing for the radio-ecoptas antwmas bad been e vzirg rafdt
inte r severe enough to reaer the ocops uselss mw the flight
path lay through precipitation particles. Mata obtainefr flight tests la~d
"to the conclusion tat de•odstion of electric brge on i•dndabld and canoW
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surfaces by particle impact was the cause of the interference. These charges
accumulated until disruptive dischargss across the sauxfaces occurred and
conveyed the charge back to the airfratm. The discharges produced a series
of sMall sparks on regions of the canopy and windshield surfaces which was
thought to have appreciable radio-frequency coupling to the compass antennas.
The result was the creation of a strong "haah" type of interference, which

first miasked the audio signal from the compass and then, as the intensity
Increased, caused the ALF indicator to swing wildly or revolve continuously.

It was reasoned that presence of a conducting surface on the canopy and
windshields would reduce this type of interference, because charge could then
flow to the airframe without creating impulsive disturbances. It was establish-
ed by laboratory tests that a surface having conductivity adequate to prevent
build-up of voltages. to the sparking point would not appreciably attenuate
radio-compim snals on the antennas, provided the surface resistivity ws
In the range of a fw zagoas per square.

2hs first aircraft canopies to have surface resistivities of this order
were F-86 canopies to which the Bjorksten coating bad been applied. It was
apparent that flight tests would be necessary to provide definite proof of
iz=ovwmnt by application of the coatings and to obtain preliminar7 data on
resistance to erosion and weathering. The Ccmunication and Navigation lab-
orator therefore undertook to condurt a flight test progam using these
coated canopies In connection with coated glzss components previously mentioned.
Two 3-46 and ort F-%4 aircraft were used in the test progr.

fis f t v- a ns innrented with a wire voice recorder and with s=3l
2eg0ants of ski instal buried in the leading edge of the wings and inmllat,.
fron the airfzr . M wing patches wore connected to a simple DC mlfiw
which actuated a zero-eentar icroaxter mounted in front of the pilot. A
calibration table for conversion of micrcsmeter readings to current flow to
tme patches us prepared, and the calibration was checked at frequent intervals
during the test morp. -Miýthi wvay, patch currents ranging fro about 0.5
zicrogmpees to about 20 micrcax~eres par sqare foot of projected frontal
area could be read.

After b Ing naruzetd thmip ae s flown-4tbout, treatmnt of the

canop to obtain so data on the % -nt-woise characteristic of th u- u
treated installation and to check nomal cowmIss operation. Nrzal acmpass
operation ma checked repeatedly to a distance of about 300 uflUs from a given

a% sta~tio. A serie of fligbs were than mee throug precipitation static
r. e flight path was east of range station to wMhch the =Kas

st ed, n a beaimg from the station between 90 and 10 degrees. SiSnas
frý the MMans enna a were utkad by nois with pazch currm ts of 0.9-l5j
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microamperes per square foot. Distance from the station was not firmly
established in these flights and was different from one flight to the next.
A conducting coating having a resistivity ranging from 1-10 megohms per square
was then applied to the canopy. The operation of the compass was again checked
in clear weather over the same landmarks used in the first flights and was
found to be normal. More flights through precipitation static weather were
mde and the results showed that the operation of the compass was only slight-
ly Improved over the tbaes when no coating was used.

Tbs second X-86 was equipped with conducting windshields In addition to
conducting canopy. The instrumentation in this aircraft was similar to that
used in the first except that an effort was made to use one of the coated
panels of the windshield as a charging patch. Both F-86's were flown in
formation to obtain direct comparisons between a coated windshield and coated
canopy installation and ow where the canopy alone was cated. It proved
necessary to rely on the wing-patch installation in the first aircraft for
Iauuemnts of charging current because the windshield panel on the second
aircraft did not maintain sufficient insulation from ground. On the first
flight a third 7-46 aircraft having- a standard Installation without coating
cbemad to fly In the vicinity of the seccnd test aircraft. Both planes we
at altitudes of 32,CC0 feet or higher, and a very thin layer of ice crystals
wus present above 32,500 feet. The radio ccpmuss In the third aircraft was tuned
to one range station and that of the second aircraft to another, moe distant
then the fcrer. Each tie the third aircraft entered the ice crystals the co-
pas rotated 360 degrees and no signal could be heard over the noise. The
compass in the second aircraft functicned normally, without disturbance, although
its compass ws tuned to the more distant station.

Aftar this flight, a series of flight were run with the first two alri
craft f3ging siid by side, so the ins•t•ntation In the first could be used
to obtain a masure of charging current and direct comparisons could be zade
by ms of radio contact between the aircraft. This test program us continued
using improved DC amplifliwr in the instrteentations, and us assisted by theIfttarials laboratory flight test -for the Icckthed A7C-I coating. 7his
latter program ino'7aved a bours of flight and pilota' cements wer obtained
on the psychological effects of the eca..d canopr as well as the ope ti

c WrctrS tics, of tbe ccwmicaticn squi~mant. 7h results of the flgttests
wre dicaused in the folloiing ,ection(III).

Fuither work involved ins taying an 3-94 aircraft with a diviaed, raimnose seation so that comparison could be mads between coated and unotedhalves of the radm. Antennas were located direct3y behind each half of the

.ose metion and were omnected to radio-frequenLy noise meters. Fights with
this aircraft vere m& first with both halves uncoated and tha vith one half
coated with a conduting cating of resistivity 1-10 magohas per square. Al--
tou harcing of charge an the coated half was thereby eliminated, the actual
r t Iu i In rsd1. L.t.....• noim ws not apprecabla.
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SWCTICS III

DISCUSSION

As described previously, work directed toward the deavlopment of a tranw-
paxent electrically conducting coating intended for the reduction of precipitation
static was begun by the Materials laboratory at the request of the Commnication
and Navigation laboratory and was soon contracted out to the Balco Bseerch Iabor-
atories. One of the important points empbasized during this work, as well as in
all subsequent work, was that mi• used sircraft canopies aJrsady In servic would
have to be coated if a suitable mterial were de"loped. Since inaz such aircrft
canopies would be on aircraft in relatively isolated places, the coating procme
would hae" to be kept as Ri41-e as possibla. The dip-coating methods originally
investigated by Balco waere pr ii frcm this point of view, since iinrsing a
canopy in a coating solution did not appear to involve very special or complicated
apparatus or fine control over techniques. This cannot be said for vacum evapoz-
ation, bowevwr, for altbough coating a canopy by this method was not considered
Impossible, the engineering aspects of such a program would have been enmous.
Furtherwi'e, coating used or In-service canopies at isolated locations woul be
been virtually out of the question. Evaporation coatinw methods bad been stied
merely as a tiaw-saving device. When solution coating mathod provWd unseeesfri,
xw effort was shifted to the evapoation st=br.

Vac evaporation was a waluable tool for use in quickly preparing a
variety of coatings for e=sInation and test. The final pro~prtiss of such coat-
ing depend upon many variables", including the degree of vacuc. Thifortaxtey
during mnch of this work the vac== appratus used by Blc was not operating
wufficientl~y well to give as good vacuu evaporation candit-4n as would ]av been
desirable. 3awythel•ess, the information obtained was sufficient to elizinut a
large nneber of materiasl from further consideration.

Another phase of the Balmo work, that of chemically mifying the surface of
plastic sheet to - it conducting, was of considerable interest. This *proach,
which could he carriad out using simple equipmnt, bad also been ocked uI favor-
ably by a number of otber crZaniations. Ext-nsi-n of this work to include
paration of polye3,ectro2]ytee or bu22N-conducting plastics, ho~wever, was not prcminiing,
since k along this line could easily have involved a buge develow;mnt prcgrm
that would hav required a long tine for ccmpletion.

In general, insofar as the dee-:lopent of a suitable coating sm conem-od,
the BL~e, work did not prod=ce the dmszfrd objectives. Mhis work was thmeficze
tereineted and more eWmphasi Placed on the work of the 3jorkstan Researchlb Ie-
atories. Be" the novel Idea of obtaining a coating by rubbing Powdered graphit
on a canop ws being tried. This idea hasically included most of the feamt s
desired: ease of applicatimn, lack of complicated equipsent, and general orera1l
simplicity. It appeared that such a method would s2lo is-service canopies to he
coated with little disruption in standard cano•py s1itennoe practles and wold
Involve only a all additional effort in connection with W can•pies.
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There were two big drawbacks to this otherwise oromising method; a
used canopy treated by this method was often ruined optically, and the
graphite would not adhere to the canopy. The solution adopted for the first
difficulty arounted to deliberately scratching the canopy tc assure that
the graphite would form a sufficient number of conducting raths for the
curzent, and the solution for the second involved spraying a protective
coating over the gra.hite.

Unfortunately neither of these solutions worked out vary well in pratice.
Althnugh scratching the canopy resulted in a considerable optical imcrove-

o of the coating and the resulting network of graphite-filled scratches
provided suitable conductivity, the practice of scratching canopies in this
my or in any other fashion was difficult to accept. Although this factor
could haew been overlookeld in view of the seriousness of the problem, there
wers doubts that a coating consisting of a conducting gridwork of scratches
would be effective. It appeared possible that nonconducting areas, between
the scratches, might yet accumu!1te enough charge to be troublesose.

In suite of these disadvantages several canopies vere coated by the
Bjark-sten rocess and flight tests were conducted as described previously.
Mhe itio and Navigation Iaboratory arrived at the conclusion as a
result of these flight tests (described in Section II.C.2) that although the
data obtained did not have great quantitative accuracy tey did efftmid a gw
qualitative commerison between aircraft with coatings and those without. The
test aircraft having coated windshields and a coated canopy showed consistentiy
better ýerformance of the conm ss in crecipitation static weather than the one
bwving nl-y a coated canopy. The original conclusion obtained from initial
fighta with th first test &Ircraf, i.e., that canopy coating did r.,,- t pm

nerfarmance significantly, had not been a firmly established . This was
pty because the tbresbcl• of c om~as failure for this ai-rcraft was believed
tx be soeht lower than that for the second test aircraft. Comparison be-

tween an untreated aircraft and one with coated canopy and windshield svi•d
a very ilde difference in charging currents, the untreated aircraft having the
hig•er currents. This result therefore suggested that the coated canopy on
the first test aircraft by itself contributed am protection.

AnalysIm of the test results by the Ccmmnication and WavIgation abo"atory
semmed to coirm that operation mf the cmmpass could be maintained In ZnecUI-
tation static weather of mild to moderate intansity by the applicatiom of con-
ducting coatings. S'4mce a large psrcentage of precipitation static weather
falls im th intensity categoy, it was thought that a wthubile

ouId be Obtained by coating canoqAes and widshields. Mresults obtaimed
using the scond test aircraft, however, showed that noise mm not comltetS
aidmated by the coating teatmant, but -was on3y reduced.

7rimnuh as the cotimg of aircraft canopies apneared to be n cascl to

j5c exftent work was contInmed on th 3jktncoai with inphesis boding
placed = the second difficulty, i.e., utainimg a satisfactory vuroating.
Ar12y mtbhd other th apn-1jing the overcotating by s~praying resulted in washing
the graste frin the scratches, and even spra.ing did so if the canopies were

j oversproyed. It, vis during this pbase of the work that the frus magnitude of
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!



this difficulty became apparent. To be effective, the overcoating had to
be kept within very fine limits. Too thin an ovarcoating failed to sufficient--
2y protect the graphite and produced a mottled appearance with high values
of haze, while too thick a coating insulated the graphite, caused opticaldiitortion-producing overruns, or else washed the graphite from the scratches.
Most canopies are much too large to be sprayed completely by hand by one pass
of a spraygun, and consequently several passes of the spraygun were usuaMy
required. Overlapping of the spray paths would then often occur and add to
the other difficulties. Also, some areas would usually be undersaed while
others were oversprayed due to the inability of the spraygun operator to main-
tain a ccmpletely uniform speed along the spraypath.

In connection with the above it should be remembered that the overcoating
bad to be an optical coating. Visibility through it might well be a matter
of survival. Coatings formed as described above, hower, cannot be considered
as being optically good. Usually, in addition to the defects mntioned Abov
(which are due only to the mechanical spraying procedure), there are the
additional difficulties of blemishes caused by the spray mist picking up
marticles of drst from the air and depositing them upon the canopy. Theparticlzs then serve as centers far the condensation of spray, causing runs,
and later they bece pinholes contributing to haze and serving as points
frm which the overccating begins to erode.

Extensive effortas ere undsrtsken in an attempt to solve the overcoating
problim. After the best possible spray solution had been fCoZ-lated, th
services of a recognized spy exr t obtained and tbre aircraft canopies
were sprayed in a facility having pressurized, filtered air. Although optical
defects due to dust were greatly reduced, they were not completely eliminated.
'With regard to the spraying operation itself, only one of the thres canopiese
a a successful coating. It was the opinion of several ezpwr.s that
aircraft canopies could e succesasfully sprayed with an optical coating such
as that desired provided the sprays operatr was amn of ficint sidl.
It was therefore concluded that objects the size and shape of mdws aircraft
canopies cannot be Bpraycoated with a good optical coating with a•rthirg
than random sundess.

It was about this time that extensive tests were begun on the Icchsaid
A7C-l ccating. This coating ims the cony one known that vas truly suitabls
for applIcati n to In-service canopies without requiring c=pimcted a t.
It was entirely conceivable that the coating could eazily be applisd to air-
craft based a~ at the most rema outposts. Also, the ability of the coating
to retain its electrical -aactari•tics during flights through rain wa =swpri-
Ing in view of the fact that it had virtll no resistance to p ahaas .

- chief difficulty with the ocked A- coating was its p optical
qnality when it was applied to used or in-service canopies. Most such maopie

asalrea~dy sinnihat -mscrtoebd and bae" imparfections resulting fre consf ta
wse and cleaning. Thm they often have areas of considerable e t which
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beco" clogged -.rith an excess of graphite and show up as dark lines or
blotches. When viewed from the inside, using a light blue sky as a back-
"ground, virtually any used canopy coated in this fashion is at best ex-
tremely poor optically. Although these lines and blotches may not appear
troublesome on the ground, in flight one's eye tends more to find the im-
perfections conspicuous, to the extent that one observer complained of a
feeling of claustrophobia after several flights. Most of the test pilots
who flew experimentally-coated aircraft agreed that they did not like the
coating and thought it highly unlikely that any fighter pilot would care to
use it in combat. Only one pilot was indifferent, and stated merely that he
did not find it objectionable. No pilot was ever recorded as saying that he
approved of the coating.

Because of this almost universal reaction and also because of objections
raised concerning the relatively low light transmittance of the ATC-l coating,
as well as the fact that the effectiveness of such coatings had not yet been
definitely proved, the ATC-I coating was never formally recomwded for Air
Force use. Efforts, instead, were continued toward developing a better coat-
Ing. Wast promising in this respect was the Markits Companys M d coating
(described in Section TT.A.3) which was the most unifon- rMd highly-transparent
graphite coating yet found. The costin of flat sheet or curve specimens of

relatively smll size by the 1%rklad method was quite simple, but extension of
this method to the coating of large complex curvatures raised other difficult-
iee, not all of which were completely solved. Even in this work it became

apparent that if a solution were reached, it would not be one that could be
applied to in-service canopies at rote airfields.

At abeut this time tests by the Cominication and Nfigation laboratory,
using the instrumented P-94 previously described, resulted in information
having a decisive effect upon the coatings program. It bad been known, as
was previously mentioned, that the use of coatings did some•hat reduce the
total aouont of noise experierced in intense precipitation static weather.
It was now shown that the amount of roise reduction obtained was not suffi-
cient to vrovide a wortb'ile operatI;xal improvement. 7he Ccmunication and
Navigation laboratory reported that vmrthbhile improvement in ccms operation
could be exrected only for the limtmd case of strong signals and strong noise.
If, for exsspls, the flight math weare close to the station in the presence of
intense precipitatica static, the coatings might then make the difference be-
tween reception and no reception. Thii limited case was not considered to be
of much operational importance, however, because the geographical area of
possible improve ent is so small; the noise level was still sufficient to
override signals at appreciable distances from a station. It was therefore
concluded that the degree of improvement which could be obtained by the use of
coatings was not sufficient to justify the expense and difficulties of f•urthe
developing and applying them. In view of these facts, work under project
Statkate, was concluded.

SMi only available nethod now known tu the Cc=,ncaticn and Navigation
""abra CtY for imuoving precipitation static characteristics of the radio

* 1I
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compass is that of relocating the antennas outside the canopy, in a
location well removed from the vicinity of the canopy and wxndshield.
Other approathes to the problem of reditcing precipitition static effects
are under development by that laboratory, but none are available as yet.

SECTION IV

CONCLUSICOS

One of the basic conclusions that cin be drawn from the work in this
program is that a thin, optically good c-ating cannot be applied to a large,
complex structure such as an aircraft canopy without the use of a complicated

This theught apnles to virtcafly all of the vork encountered thus far*
In all cases, attempts to obtain Improvd coatings necessitated the use of
complex and cumberwa procadures and apparatus. This also applies to the
Io %esearch Laboatory coating, requiring as it does the evaporation of
salt upon bg sheets of glass, folowsd by spin-coating of equally huge sheets
of plastic. It is highly unli le that either of these procedures could be
found practical on a production basis.. One nut conclude that none of the
coatings discussed in tis report are practical for use on aircraft canopies.

Simc coatings such as thos described above are still in such a poor
.tato of developnt and have been ain to be relatively ineffective, no
further york in this direction is contemplated.
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